Introduction
Pain is a prevalent late effect after breast cancer treatment, affecting 16%-20% of women up to several years after completed primary treatment. [1] [2] [3] Pain is defined as persistent when lasting ≥3-6 months after surgery. 4, 5 Given the high prevalence of persistent pain after breast cancer treatment and the negative impact of pain on quality of life, Based on the advances in pain research, the pain experienced by breast cancer survivors may, however, not be fully explained by these factors. 11 Historically, the predominant biomedical paradigm of pain as primarily a peripheral sensory process was transformed by the introduction of "the gatecontrol theory" of pain in 1960s, 12 revealing the dynamic role of the brain in the interpretative process of the pain response and leading the International Association for the Study of Pain to define pain as a complex bio-psycho-social phenomenon. 4 In further theoretical developments, pain is construed as involving a "neural matrix", 13 including both sensory and nociceptive circuitries, modulation by inhibitory and facilitatory centers, and input from cognitive and emotional centers.
14 Taken together, psychosocial factors are thus assumed to account for a considerable proportion of the individual differences in the response to both acute and chronic pain. 14, 15 Identification of possible psychosocial risk factors could offer clinically valuable information both in pretreatment pain risk assessment and in posttreatment rehabilitation efforts.
At present, the available results are inconsistent, with some studies finding associations between psychosocial factors (eg, pain catastrophizing, 16 depression, [16] [17] [18] [19] anxiety, [19] [20] [21] and distress 9 ) and persistent pain after breast cancer surgery, while others fail to find such associations. [22] [23] [24] [25] This could partially be explained by the considerable methodological heterogeneity of the available research, for example, in the pain and psychosocial measures used, the timing of assessments, sample sizes, and analytical strategies (whether analyses have adjusted for other variables or not). Furthermore, the majority of studies appear to have used cross-sectional designs, thereby limiting the ability to determine temporal precedence of the risk factor in relation to pain (cause vs consequence). So far, two narrative systematic reviews have examined the role of psychosocial factors. 5, 14 The authors of the first review published in 2011 concluded that while the evidence suggests associations between psychosocial factors and pain in women treated for breast cancer, the causal direction remained unclear due to few available prospective studies. 5 The second review, also including studies of nonbreast cancer patients, published in 2014, concluded that both retrospective and prospective studies suggested that pre-existing psychological symptoms predict pain after breast cancer treatment.
14 However, as the evidence reviewed was not restricted to breast cancer patients, the generalizability of the findings to breast cancer patients may be limited.
So far, there have been no meta-analytical attempts to quantify the existing evidence on psychosocial risk factors of pain after breast cancer treatment. Our aim was, therefore, to conduct a systematic review of the available prospective studies on psychosocial predictors of posttreatment pain in women treated for nonmetastatic breast cancer, combine the results with meta-analysis, and explore study characteristics as possible moderators of the associations.
Materials and methods
This review was preregistered with PROSPERO (Johannsen et al, 2017 ; registration no.: CRD42017062218) and conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses criteria. 26 
Data sources and search strategy
The electronic databases PubMed, PsycINFO, Web of Science, and CINAHL were searched independently by two authors (MJ, YF) for relevant records published until June 2017. Based on the population, indicator, comparator, outcome (PICO) approach, 27 the final search string consisted of combinations of subject headings (MeSH terms) and keywords referring to population ("breast neopl*" OR "breast cancer" OR "breast carcinoma" OR "breast tumor" OR "mammary cancer"), indicator ("predict*" OR "risk factor*" OR "relative risk" OR "odds ratio" OR logistic OR regression), and outcome (pain OR "post mastectomy pain syndrome" OR "persistent post-surgical pain" OR ache OR "chronic post-surgical pain"), as shown in Table  S1 . No keywords were included for comparator. In addition, a backward search (snowballing) was conducted of reference lists of identified articles, together with a forward search (citation tracking) to identify additional relevant publications.
Selection procedure
The review included observational studies of adult women (≥18 years) treated for nonmetastatic breast cancer, which had assessed pain as an outcome variable with a relevant, validated instrument. Only studies including at least one quantitative measure of a possible psychosocial risk factor were included. In this review, psychosocial risk factors were operationalized as 1) psychological-behavioral states (eg, depressive symptoms, pain catastrophizing), 2) psychological traits (general stable tendencies, eg, personality traits, locus of control), and 3) social support (eg, practical support, emotional support). We did not include marital status as a measure of social support, but regard it a demographic factor, as marital status does not indicate the quality of the relationship (if married) or lack of social support from sources (if single). We excluded studies of men treated for breast cancer, women with metastatic breast cancer, and women having received surgery <3 months previously. Studies focusing on pain-related outcomes such as sensory disturbances, shoulder morbidity, and lymphedema, were also excluded. Qualitative studies, intervention studies, case studies, and reviews were not considered eligible for inclusion. Post hoc, we implemented additional inclusion criteria by including only studies using prospective designs. This allowed us to increase the quality of the included studies in terms of establishing temporal precedence of the predictor in relation to pain. We did not include the gray literature (eg, dissertations, unpublished manuscripts), but assessed the risk of publication bias statistically (see the "Meta-analytical strategy" section). Three authors (MJ, YF, RZ) discussed disagreements until a negotiated conclusion was reached. Interrater reliability was assessed using Cohen's kappa.
28,29

Quality assessment
All studies included were subjected to a study quality assessment by two independent raters (MJ, YF). We used a 14-item quality assessment tool developed specifically for observational studies. 30 We modified the tool by 1) renaming "the exposure variable" as "predictor variable", 2) excluding three criteria (items 8, 10, 12) that were not relevant in our review, and 3) adding two criteria relating to adequate reporting of the studies, namely, whether the studies included a study flow diagram and provided descriptive data on key clinical sample characteristics (eg, proportion receiving chemotherapy), yielding a final total of 13 items. Each quality criterion was assigned 1 point, yielding a total study quality score of 0-13, with higher scores indicating higher study quality. Again, disagreements between the raters (MJ, YF) were discussed with a third author (RZ) until a conclusion was reached. Interrater reliability was assessed using Cohen's kappa. 28, 29 Meta-analytical strategy First, effect sizes representing the magnitude of the association between the independent predictor (ie, psychosocial factor) and the dependent variable (ie, pain) were calculated for each study. The effect size correlation (ESr) 31 was chosen as the effect size. ESr is an equivalent of Pearson's r, with values ranging from −1.00 to +1.00. In this study, negative values indicate an inverse relationship between the predictor and pain, that is, higher levels of the predictor being associated with lower levels of pain, while positive values indicate a positive association, with higher levels of the predictor being associated with higher levels of pain. If necessary, ESr was estimated from other reported data, for example, means and SDs, β-coefficients, and odds ratios, using various formulas from the literature. If an eligible study did not report data suitable for conversion, we contacted the authors. If studies reported both unadjusted and adjusted results for a given psychosocial predictor, we ensured independence of results in the analyses by selecting adjusted results over unadjusted results in the meta-analytic evaluation. If studies had included more than one follow-up assessment time point, data collected at the longest follow-up was chosen. The effect sizes of the individual studies were combined using a random effects model with inverse variance weighting giving studies with larger samples greater weight than studies with small sample sizes. We calculated three overall effect sizes for: 1) psychological-behavioral states, 2) psychological traits, and 3) social support. ESrs <0.10, ≥0.25, and ≥0.40 were considered small, medium, and large, respectively. 32, 33 Publication bias, a widespread problem when conducting meta-analyses, 34 was evaluated with funnel plots, Egger's method, and by calculating fail-safe numbers. [35] [36] [37] A funnel plot is a graphic illustration of study effect sizes (ESs) in relation to study size or precision. Egger's test provides a statistic for the skewness of results. 35 Calculation of fail-safe numbers is aimed at achieving an indication of the number of unpublished studies with null findings that would reduce the result to statistical nonsignificance (p>0.05). It has been suggested that a reasonable level is achieved if the fail-safe number exceeds (5K+10; K=number of studies in the metaanalysis). 35 If the results were suggestive of publication bias, an adjusted ES was calculated using Duval and Tweedie's trim and fill method, 38 which imputes ESs of missing studies and recalculates the ES accordingly.
Heterogeneity was explored using Q and I 2 statistics. 39 Heterogeneity tests are aimed at determining whether results reflect genuine differences (heterogeneity), or whether the variation is due to random error. Due to generally low statistical power of heterogeneity tests, a more liberal p value of 0.10 was used to determine significant heterogeneity. 40 The I 2 statistic estimates the amount of variance in a pooled effect size accounted for by heterogeneity, and is unaffected by the number of studies (K). 41 I 2 values of 0%, 25%, 50%, and 75% are taken to indicate no, low, moderate, and high observed heterogeneity, respectively.
Finally, we conducted a number of moderator analyses. When more than three studies reported relevant data, we 
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Johannsen et al conducted between-study differences in ESs according to the type of analysis (adjusted vs unadjusted), specificity of the pain measure (specific vs generic), whether pain was primary outcome (yes vs no), baseline measurement of pain (presurgery vs postsurgery), and anxiety and depression instrument used. In addition, we investigated the possible influence of study quality, mean sample age, and mean follow-up time on the results with meta-regression.
Results
Study selection
The search of the electronic databases yielded 937 hits (PubMed: 278, PsycINFO: 138, Web of Science: 295, CINAHL: 226). After duplicate removal (n=275), the total number of unique hits was 662. In the first screening, all records were screened for eligibility based on title and abstract according to our inclusion and exclusion criteria, leading to the exclusion of 455 records ( Figure 1 ). Full-text papers were retrieved for the remaining 207 records. In the second screening, 194 of these were excluded, yielding a final total of 13 independent studies to be included in this metaanalysis. 18, 19, 21, 23, [42] [43] [44] [45] [46] [47] [48] [49] Cohen's kappa between the two raters was 0.62, corresponding to substantial level of agreement. 29 
Study characteristics
The characteristics of the included studies are shown in Table 1 . The studies were published between 2006 and 2016, with the majority of studies from Europe (K=8) and fewer from the USA (K=3) and Australia (K=2). Pain was assessed by breast cancer-pain specific measures in eight studies, while the remaining five studies used generic pain measures only. Four studies used pain as a continuous variable in their analyses, whereas the remaining studies defined pain as a binary (K=7) or ordinal variable (K=3). One study 25 reported pain both as a continuous and a categorical variable. Seven out of 13 studies conducted their baseline assessment prior to breast cancer surgery, with the remaining 5 studies establishing the baseline after surgery. All studies used selfreport measures to assess psychosocial risk factors, with 11 studies assessing psychological-behavioral states, including depressive symptoms (K=8; 3 with the Hospital Anxiety and Depression Scale [HADS] and 5 with the Spielberger State-Trait Anxiety Inventory [STAI]); anxiety (K=8; 3 with HADS and 3 studies with the Beck Depression Inventory); overall psychological distress (K=3); pain catastrophizing (K=4); intrusion, avoidance, or emotional repression (K=3); and psychological, spiritual, or positive well-being (K=3). Six studies included measures of psychological traits, including trait anxiety (K=4), various personality traits (K=1), locus of control or self-control (K=2), psychological robustness (K=1), and life-orientation (K=1). Finally, four studies measured social support, including social functioning and wellbeing (K=2) and multifaceted social support (ie, emotional support, tangible social support, positive social interaction) (K=2). Sample sizes ranged from 82 to 1683 (mean n=421, SD=454), yielding a total sample of 5457. Mean sample age ranged from 54 to 62 years (mean=57.5 years, SD=2.85). Ten out of 13 studies included more than one follow-up (range: 3-60 months), with a mean time to follow-up of 16.3 months (SD=15.71).
Study quality
The study quality scores of the included studies are presented in Table 2 . They ranged from 7 to 13, with a mean score of 10.4 (SD=2.3). Interrater reliabilities (Cohen's kappa) for the individual study quality indicators ranged from 0.44 to 1.00, corresponding to fair to almost perfect agreement. 28 
Meta-analysis
Eleven studies of a total of 2176 women were included in the analyses of the psychological-behavioral states. The results indicated a positive, but negligible (ESr=0.05) and statistically nonsignificant (p=0.13) association between psychologicalbehavioral states and subsequent pain (Table 3) . In a post hoc analysis, we pooled the effect sizes for anxiety (K=8) and depression (K=8) separately. Neither reached statistical significance. The results concerning the association between psychological traits and pain (K=6; n=1449) also failed to show a statistically significant relationship (ESr=0.02; p=0. 48) . In contrast, the pooled results for social support (K=4; n=1057) showed a statistically significant negative association (ESr=−0.24, p<0.001) between social support and pain corresponding to a small to medium effect size. Our analyses indicated the possibility of publication bias for social support, and we subsequently imputed missing studies yielding a slightly larger effect size (ESr=−0.25). Examining the robustness of the results for social support, the fail-safe number of 49 was larger than the criterion of 30, indicating a robust result. There were no indications of publication bias for psychological-behavioral states or psychological traits. The effect sizes found for social support did not appear heterogeneous (I 
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Moderator analyses
Possible sources of between-study differences were explored with subgroup analyses, but only for psychological-behavioral states due to the insufficient number of studies of psychological traits and social support ( Table 4 ). The pooled effect sizes were generally larger for studies using generic pain measures (ESr=0.10) compared with breast cancer-specific measures (0.04), for unadjusted analyses (0.09) compared with adjusted analyses (0.03), for studies with a baseline assessment at presurgery (0.08) compared with studies with a baseline assessment postsurgery (0.05), and for studies using the HADS depression subscale (0.12) compared with studies using the Beck Depression Inventory (0.03). None of the results, however, reached statistical significance. In addition, the possible moderating influence of the continuous variables of study quality, mean sample age, and time to follow-up was explored with meta-regression for psychological-behavioral states and psychological traits. Social support was not examined due to the small number of studies. Older age was statistically significantly associated with larger associations between psychological-behavioral states and pain (p=0.023), and longer time to follow-up was associated with smaller associations between both psychological-behavioral states (p=0.0004) and psychological traits (p=0.035) and pain after breast cancer treatment. None of the remaining meta-regressions reached statistical significance.
Discussion
The majority of studies and reviews have mainly focused on the biomedical predictors of pain in breast cancer survivors (eg, Andersen and Kehlet, 5 Wang et al, 8 Nijs et al 50 ) and, so far, only two systematic reviews have examined the role of psychosocial factors, 5, 14 neither of which included prospective studies only or subjected the available data to metaanalytical evaluation. Thus, to our knowledge, our study is the first meta-analysis of prospective studies of breast cancer survivors. Our results suggest that overall, the predominantly presurgically assessed psychological states and traits do not appear to predict pain after breast cancer.
In contrast, a statistically significant prospective association was found between social support and pain, with higher levels of social support predicting lower levels of posttreatment pain. One possible interpretation could be that women experiencing higher levels of support might receive more practical support (eg, with daily chores), thereby reducing the risk of straining the arm/shoulder. Another could be that higher levels of social support might promote the use of more adaptive pain coping strategies. 51, 52 However, the few available prospective studies did not explore the association between pain and different types of social support, and the suggested explanations remain speculative. Furthermore, although our results appeared robust when considering the possibility of publication bias, two out of four studies 
Notes:
a Description of quality indicators: 1: Was the research question or objective clearly stated? 2: Was the study population clearly specified and defined? 3: Was the participation rate of all eligible patients ≥50%? 4: Were the subjects recruited from same or similar populations with inclusion/exclusion criteria prespecified and applied uniformly? 5: Was a sample justification, power description, or variance and effect estimates provided? 6: Were the predictor(s) of interest measured prior to the outcome(s) being measured? 7: Was the time period sufficient, so that one could reasonably expect to see an association between exposure and outcome if it existed? 8: Were the predictor measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants? 9: Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented? 10: Was loss to follow-up after baseline 20% or less? 11: Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between the predictor(s) and outcome(s)? 12: Was a study diagram over the study participants provided? and 13: Were key clinical characteristics for the study participants provided?.
b Authors adjusted for other variables, but did not report results from the multivariate analysis that could be used in this meta-analysis (authors were contacted, but the data were no longer available).
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Johannsen et al assessing social support did not focus on pain as the primary outcome, reported unadjusted analyses only, and assessed pain with generic quality of life pain subscales. The results thus need to be replicated using disease-specific pain measures and adjusting the results for relevant clinical variables.
However, the notion that social support reduces pain finds support in experimental studies with nonclinical populations 53 and observational studies of chronic pain patients. 54 Based on the previously published narrative reviews, 5, 14 the lack of statistically significant associations between Fail-safe n=number of nonsignificant studies that would bring the p value to nonsignificant (p>0.05). c A fail-safe n exceeding the criterion (5K+10) indicates a robust result. 37 d K=number of studies; n=total number of participants.
e ESr=effect size correlation. A positive value indicates an effect size in the hypothesized direction. All ESs were combined using a random effects model. Conventions: small (0.1); medium (0.3); large (0.5). 33 f If analyses indicated possible publication bias, missing studies were imputed and an adjusted ESr calculated (^). 38 (K) indicates number of published studies + number of imputed studies.
g Between-group analyses only conducted when K for each group ≥3.
h K and n differ between individual analyses and comparisons, due to some studies presenting both adjusted and unadjusted results. Bold figure indicates a statistically significant result (p<0.05). Abbreviations: df, degrees of freedom; ns, non-significant. 
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Psychosocial predictors of pain after breast cancer treatment psychological-behavioral states and psychological traits and pain was unexpected. Based on the current conceptualization of pain as a multidimensional phenomenon including sensory as well as cognitive and emotional components, 4,14 we expected that higher levels of negative psychological states or symptoms and potentially maladaptive traits (eg, alexithymia, trait anxiety) would predict higher levels of posttreatment pain. There are several possible explanations for our null findings. First, 10 out of 13 studies included pain as a categorical variable, thereby potentially reducing the amount of variance to be explained. Second, four studies had dichotomized pain as any pain vs no pain, failing to distinguish clinically significant from nonsignificant pain, thereby possibly masking the impact of psychosocial predictors on clinically relevant pain. Third, all studies focused on sensory pain in their statistical analyses, for example, pain intensity, and did not include evaluative or affective dimensions of pain, which could theoretically be more sensitive to psychological influences. 55 Fourth, this review focused on breast cancer. Research in noncancer pain populations has found associations between anxiety, 56 psychological symptoms, 57 and depression 58 and pain, and the impact of psychosocial predictors on pain may vary between different clinical populations. Finally, as suggested by meta-analyses, 5, 8, 10 the variation in posttreatment pain in breast cancer may be mainly influenced by biomedical factors such as surgical and systemic treatments, body mass index, and preoperative pain, leaving only modest explanatory value to psychosocial factors. Although the difference did not reach statistical significance, our finding of larger effect sizes based on unadjusted analyses compared with those adjusted for clinical variables could be viewed as supportive of this explanation.
The effect sizes found for psychological-behavioral states and psychological traits appeared highly heterogeneous, which could be due to nonrandom differences, for example, in study characteristics. When addressing the possible moderating influence of a number of categorical and continuously assessed study characteristics, we found that longer time to follow-up was associated with smaller effect sizes and older sample age with larger effect sizes. While the first finding suggesting that the associations between psychological factors and pain diminish over time is less surprising, the latter is more unexpected as younger age has relatively consistently been identified as a risk factor for pain after breast cancer treatment. 5, 8, 10 More research is needed to determine the moderating influence of age on the association between psychological factors and pain in breast cancer, when taking age-related differences, for example, menopausal status, in treatment into consideration.
The strengths of this systematic review include a comprehensive selection process with independent literature searches, study selections, and quality assessment. Furthermore, our review was preregistered and focused on prospective studies with increased likelihood of identifying causal associations. Finally, we quantified the predictive associations with meta-analytic strategies and examined heterogeneity, publication bias, and a number of possible moderators. Some limitations should also be noted. First, and most importantly, the number of available prospective studies was limited, potentially challenging the robustness of the findings. A post hoc power analysis suggests that the statistical power to detect the small pooled effect sizes found in the available research was limited. For example, for psychological-behavioral states, the power to detect a statistically significant pooled ESr of 0.05 with 11 studies with an average sample size of 198 was only 44%. To detect an ESr of 0.05 with 80% statistical power would require at least 26 studies. The small number of studies also limited our ability to conduct relevant moderator analyses across the various psychosocial predictors. On a related note, we did not include gray literature, thereby possibly limiting the scope of this study. However, the search for gray literature is a less systematic process and gray literature studies are often of lower methodological quality, 59 thereby compromising reproducibility and internal validity. We, therefore, chose to only include studies that were retrievable in electronic databases and instead address possible publication bias statistically. Second, the studies included in this meta-analysis were all conducted in Western countries, and as cultural differences has been suggested to exist in relation to pain, 60 this clearly limits the cross-cultural generalizability of our findings.
Conclusion
Taken together, with the exception of social support, our findings did not support pretreatment psychosocial factors as predictors of breast cancer-related pain. This, however, does not exclude the clinical importance of psychosocial factors in rehabilitation, which is supported by studies showing that targeting psychosocial factors in pain rehabilitation is efficacious in reducing pain. [61] [62] [63] Thus, psychosocial factors may still play an important role in the survivorship trajectory, and studies using designs that capture the dynamic and complex nature of the relationship between psychosocial factors and pain are needed.
